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NfEmOI^ FOR CONIItOmNO mGHLY UNSATURATED 

FATTY ACro CONTENT IN VARIOUS TISSUBS 

Fiftiri of th.» Tp^vfflUnn 

TMs invention TBlatds to meithods of treating disease associated with 
deficiencies in highly unsaturated fetty adds (HUFA), such as neuiplogical 
diseases, caidiac diseases, etc., by administering therapoitic compounds to 

) supplement HOFA levels in the patiait. In particuiar, this invention xfilatBs to 
a method of treating neurologiad idisoiaere, includ^ ieiiaigenerative 
diseases and psychiatric ^^ordeitSi by administering a compo^ conqjflsli^ 
a therapeutrcaUy dfedive amott^^ erf a single W microbial oil conqttising 
dpcosahexaaioic pad (pHA), a isbgle cdl oil compiisiKg aiacWdonfc add 

I (ARA) or a comhinaiioa of CHA- md ARA-<»iitainidg oils, to a pe^ in need 
of such tie^^ be admidiisfcred as a pB^^ 

compositipn, a& a diejstt^ SupplemelDt, <w iii the fotm of a food product by 
iqdacingaip^^ 

The tapHMh biab and ote 
pofyunsatuiated fittty adds wUdi are didught to play an impcutant role in 
modulating tte ^ctore, fluidity and functi» 

tissues. Arachidonic add (hereafter rtifeired to as ARA) is a long chain 
pdlyunsatuiatediBaty aid <rf the <o-6 class (5, 8, 11, 14-do^(trtraenwcjdd. 
20:4g>^, and is lirost alM^ 
body. li^ aAfition toit^^ 

precursor for a number of circulating eicosenoids such as prostaglindin Ej 
(PGEj) prostacyclin I, (PGI^ thromboxane Aj (T^, and leukotirenes 
(LTB^ andC4(LTC4). The dojsenoids exhibit regulatory effects on Iqxjprotein 
metabolian, blood rbeology, vascular tone, leucocyte function and platelet 
activation. In humans ARA is not synthesized & 

by the elongation and desaturation of linoldc add, an essential fatty acid whidi 
must be obtained from the diet. 
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I>ocosahexanoic add (4, 7, 10, 13, 16, IP^tocosatexanoip add 22:6o-3) 
(hereinafter referred to as DHA) is the most abundant of the 6tty adds of the 
stiuctural oofflponoits of ^ matter of the hiqiian brain and other neuiai 
tissues. DBA cannot be synthesized >fe novo in hrajans. but there is some 
5 «^totthis>^^ 

astrocytes, die appiopiiate long diain polyun^uiiiated btty tads are provided 
in flie diet S Moore,^ 

DHA fouiid in ttfe b^ aid retina ceD membranes is beheved to be obtained 
.fromdie^iuy sources. 
10 ''^e.^iwi^nceofpro^^ 

rf iairid Mn deyelppment tp prevent intpaiable damage to brain cells is well 
known in ilie art, «unum infants appear to have a paiti^^ 
q«h«i» DHA, but any defidendK 

human breast milk, which is a rich source of ess«.tial fatty adds,^^p^ 
15 D^Aatti AIU. Sandeni. et al,^!^^^^^^ a«. M:805-813. Re^ 
audiK conqMring the peifonnance on sl^ 

were fed breast milk as babies to children who were fed commMX&l infant 
formulas as babies have suggested a dose response rclationshq) between the 
proportion of mother's milk in the diet and subsequent IQ. Lucas, et aL, 1992, 
20 I^cr,33a:261-264. These studies suggest that dietary intervent«^ 
effect the levels of DHA avaihble for stiuctural d(yvd(^^ 
syston. 

It has been obsaved that DMA levels in two mJ9or(^ 
pho^hatidylcthanolamine and phosphatidyldtoline, are significandy reduced in 
25 tte bnun tissues of patients with AIzhdmer '8 disease. 

fom» patients of advanced age, hawng no dinipal msmi^^ 
other disoiders who showed no significant diM 

ofthesetwodassesofphospholipjds. Theseresultssn^ 



in DHA coDcentr^ons in the brain tissue of Alzheimer's patients aie not tiie 
liesuttofnwmdag^^^ 

mmswmtidegfi^^ SodeAeig, et alv, 1991. Lipids, 26im-425. 

I«oasoina» d^or^ a group of degenerative neurological disdnlers 

ail impaired capacity of tiie efiect^l individuals for degrading these fatty acids. 
The^ disbiders are^ they aU appear to result ftom some defect 

: loralized in the subccUular oiganeUes known as peroxisomes. Gorton. N., 
-ip,^/BOTl)eveto/»nio^^ 
10 classified into ttoee g^^ extent of the toss of peroxisomal 

functipns foaiM m apart TheU, A.C.. im, Eunpeim:humal 

of Pediatrics, iSliin-lTO. 
jniegip^ptp^ 

complete loss of pa^^ TOusse diKirten 

15 include Zdl*rel,ger's ^ndnime, neonatal adrtooleukodystn^hy. infertile 

Rrfsum disea^ and Iiypeipepecolic acidemia, tbe group 2 disorters ai^ 

characterized Iv^^^ t^^ loss <tf miil^e peroxfi^ fiinctions and indude 

W«i2oindic<^^ The^ 

3 di»>iders diancterized iqr the 
20 andmcbde adiraiotoikody^rop adrenOmyeloneuiop^y, acyl-CoA oocidase 
; clefioency, hypttoxalaria 

typeI.a«ttalasafioriaa^^^ 

wfth peroxisomal disorios shews a wide d^^^ 

which varies signtffcantly dq.?^ However, in aH 

25 patients neuhA^ functions are progressively impaired, which often leads to 
deterioration of the autonomic functions and death at an early ag^ 
Itecent studies of the polyunsatunited fetty add composi^^^ 
patients with peroxisomal disorders have shown that, even though the total 
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amount of fatty adds in these tissues was normal, there are significant daqges 
in the fatty a(^ compoation of the plait's tissues. These patimts have a 
significant decrease in the total amount of DHA a^ 
compositions. Senim plasms^ 
5 Usher's syndrome is. aii autosomal recessive goietic disoider which is 
associ^ lyi^ the d^en^afid^ 

The yisuid ceUs c^^ 0Gbc»Mly laig^ of DHA estei^ id the 

P*K>sp%lq)ids of the ipbotorec^itor miaiteanes which make lip flie duter 
sepaentsrfthe visual 
W plasi?ia phb^hQlqrids of Us^^ patieoU cciiiita^ sigoMicitatly less 1)HA 

1986, fi^*em. «op^^ 

fti addition reseaitM hav0 fouind that patients suffraing fhrni other 

clinical cMiditions, such as senfle deinentia, diabetes-induced neuropathy, 
15 mu%le sde^, sduzophrenia and neuropathies associated with high doses of 

he^yy n»tal8 suiA as lead, alpminum, iand m^ 

of DHA and/or ARA in their serum l5)ids wMch arc significantly de^ 

oongjarison to the levels found fa healthy persons. Forexample, recentstudies 

have established a cOTTClation between alternations in ft^ 
20, of ARA into the phospholipids of platelets and the presence of schizoaffective 
I dispideis in patiOTts. mi, Prostdglandim Laikm, ^ 

Fatty Acids, 46:47-52. Evidence of abnonnal essential fetty add hiochemistiy 

int he plasma ph6sphol5)ids of patients with schizophieiiia also has been 

rciwited. Honobip, D.F,, 19W, i^jia^toradlto 
25 46:71-77. 

Although reseatchera have made some progress in mideistandhig 
neuiipdegeoerative ^sorden siich as AbJidmer's disease and vadous 
peroxisomal disorders, effiMtive means of treati^ 
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elushre. libjw^ a la* <rf progress m tte devdopment of 

efiRxtive tbeiapeutk; dnigs to 
disclosed al)ove. 

Mjirpe oils, Tvhich are ext^^ 

bay acids doosapeait^ (EPA) and docosatexaenoic (DHA), have 
beea shown to lower plasma triglycerides and inhibit platelet aggregation, as 
wdl as favorably altering monocyte function (E^vidson, et al., 1979, "Marine 
L^ids and Atherosclerosis: A Review." Cardiovascular Reviews & RqHm, 
2:5). Based on such obseiyations, there has been considerable cfiniqal iiiterest 
in the use of m^e oils as part of preventive thei^y for atherosclerosis 
(Weip^r, et al,, 1986, "Inhibition of Atiierosclerosisi by Cod liv^ Oft in a 

U K. Publfehed ni)bited that compoioiis 

containing only one of tiie fiitiy adds EPA or DHA (as ed^I estera> wiU 
15 havetiie same effect on platelet agghitlnation. In oflia' woids> EPA and DHA 

wereiBOTmrnendedas^m 

tesi^ M a resuft (^^daiave pijrifi^ 

acid, ■ 

However, h has also been icpoitBd diat maiiiie oO capsules rich in both 
EPA and DHA raise U?I>dide5^ levds (the fraction of serum cholesterol 
tiiat is the iiu»t atl?eiogBnic), jsutio^^^ Type lib and IV 

<ty8liirfdania >ivids,^^^rt^^ al., 1991, "Therapy for die Treatment of 
HyperiqAlBmia,- ArOdm of Internal Medicine, 111: 1732.1740; Harris, et al., 
25 1988, -Effects of a low Saturated Fat, Low Cholesterol Fish CHI Supplement 
in Hniertriglydeiidemia Subjects," Ann. Intern. Med. , 1119:465-470). Li view 
Of the eflect of marine oils on cholesterol metaboHsm, clinical enthusiasm for 
fte use ofmarineoa capsules has been dampened. Accordingly, thereisaneed 



20 



BNSOOCID: <Wdu^d640108A^I_> 



"^^^^^^ PCT/US9dAI8«49 

6 

for tbeapy having the benefidal cucnbtoiy effects of marine oils without the 
. side effects of nudng choIesteA)!. 
SBMRIARY OF tHE INV^mpN 

Accbhfingiy, h is ail object ctfttepi^ 
5 for treating neurological disontes, in which the souin. tissue or memhiane 
tevds <rf the essential fetty acids DHA i^^^ 

It is a further Ooj^ bf tSis^invention to providB a method for loWering 
triglycaide oonteat in plasma of a patfent without the side effect of raising 
jdasna cbofesiMDl asisodatd with 
10 . .» isyet anotteobject^rf for conwling 

. ^^^m^iaJanceinap^^ 
^pid si^lKnemt compi^ 

These and otter objects are met one or mctti of tfe emlxKlimMts of this 
invention, hi one embodiment, this invention provides a method of mdeasiog 
15 tte level of higUy unsatu^ in one or more tiies 

of a patient having a disease chaiacteiized by a HUFA defidency-aibdbtid 
pathology, by adnrinistering a tjieaapeatic composition which iaOaia oQ 
containing Ht«?ATCsiduM^^ 

of HUFA residues in the patient's tkn^. Referably the level of HIJFA n^es 
in the p^t's tissue is raised to honnd Disease^ wfaidi may be treated by thi» 
method Of this inve^^ 

disaa^ schizqphren&i diabetic neuropathy, heavy metal 

toxicity, and peroxisomal disoitlers including ZeDweger's syndroine, neonatal 
a*»K>Ie«l^ in&ntfle Sefsum disease, hypeipepecolic addonia, 

25 Rhizpmelic chondrody^lasia pmuaata, Zefflweger-Iike symhome,' 
adienoleukodystiq^ 

functional piotdn defideifcy, tWolase deficiency, hyperoxaluria type I. 
acalalasaemia ami adult l^ami disease, as wd^ 
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palsy, amyotrophic lateral sclerosis, phenylketonuria and cystic fibrosis. In a 
preferred embodiment, the HUFA which is deficient in the patirat, and which 
is enriched in die then^tic imposition, is DHA, the DHA level preferably 
being nonnafized in ii»mmsd or br^ 
5 In another mbodimat, tUs invention provides a method of lowering 

triglyceride content in plasma of a patioit by admiiustering an oO enriched in 
DHA to a padent in an amottnt effecdve to lower the level of plasma 
tri^^mid(^ in the pati^ dl mriched in DHA 

is admimsteared in an amount dTectiVe to raise the level of ciiculating DHA in 

10 thepadrat'shtoodtoatleastabcM^ 

more preferably to twice the non^ level: Altanatively, the amount of oil 
^ched in DHA is effective to raise the level of circulating DHA to within the 
range of about IS u> 100 fig of DHA per ml of plasma. 
In yet anoAer embodinMnt, this inv^on provide 

IS lipid imbalance in a patient having an abnormal lipid profile by supplying to the 
patiqit a lq)id si^jplonent omiprismg highly unsaturated fatty acids (HUFA), the 
lipid supplement being prq)ared by computing a "deviation" for each HUFA, 
which is the dBfferoice between nonnal tissue level of each HUFA and the level 
of each HUFA in the tissue of the patient, and preparing a therapeutic 

20 supplement by combining a plurality of individual HUFA-containing oils, at 
least one of which contains one HUFA but is substantiaUy ft^of all oflieT 
HUFAs, where the relative amounts of the individual oils being combined are 
such that the amount of each HUFA in the therapeutic supplemrat is 
^proximately prppoitional to its computed deviation. One of the individual 

25 HUFA-containing oils may be fish oil. An effective amount of the therapeutic 
supplement is then administered to the pati^ to increase the tissue content of 
those HUFA which deviate most greatly fiom nonnal, preferably in an amount 
sufficient to restore nonnal tissue lipid profile to the pat^. tn a prefened 
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cmbodhn(«.tf«fe« 

more preferably, adminJstation of the therapeutic sup^ement does not raise the 
tevd of any TOA in tte pattern's sen^ 

In stin another erabbdimem, this in^p^ 
5 ability of excitabtecdInK^nrfm^ 

«M«ntntfion acn« cell nKsmbranes by treating the cells with an amount of 
ofl eniiched in DHA which is effictive to raise the level of DHA residues in the 
cellmeinhranes. partcularly for neurolc^^^^^ 

IWs invention relates to a method of treating a patient suffering from a 
10 neurological disease, which comprises administering to the patient an effective 
amount of the fimy adds PHA or ARA. or a mixture of DHA and ARA. 
fatty acids are administered in the fonn of oils in which DHA and ARA aie 

pn,videdasnannaIcomptexlipids.preferablyinthefonnoftriglycei^ ^ 
neurological diseases to be treated include the group of dis«^ 
15 peroxisomal diseases. Alzheimer's disease, and Usher's syndrome, senile 

demential, diabetes-induced neuropathy, multipk scl^^ 
n^i^pathics associated wiA 

and mereury. as weU as other neurodegenerative diseases in which ti^ seim^ 
tissue or membrane concentrations of DHA or ARA are significantiy affecW^ 
20 comparison to ti« DHA aiKi ASA concentrations found in iKmnal individuals. 

Tlus invention also rdates to phaii^^ 

or AM or to a composition containing bofli DHA and ARA which provide 
thenqjeuticaHy effective amounts of tiiese t^3 and fimy adds 
25 Administration of tiiese compositions provides prophylactic, as weD as 
therapeutic, treatmentof patients diagno^ 

witi, oti«r DHA and ARA defidency-relaled disorders such as schizophrenia. 
These mediods of treatment and compositions also provide a prophylactic 
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treatment for individuals who aie at risk for devdqiing one of these n^irolo^cal 
or other disorders. 

BIUEF DESOOFIION OF THE DI^ 

I^^igiiie 1 is a gaph of the aocumulation of C cohnii biomas$ in a 350 liter 
5 (gross volume) semi-pDotproductibn scale femie^ 

Figii]e2isagnphoftfae(gros5volume)accumuli^ cohnii biomass 
in a 15,000 liter production scale ifinmentation for the production of DHA- 
containiog nucrobial^^^^^^ 

iPigure 3 is a graph of the accumulation of MordereMalpim in a 7,500 
10 liter (gross volume) production scale feimentation for the prbductibii of ARA 
contsdning micrbbial oil. 

Figiue 4 shows ttie condadon b^een hqppocampai DHA content and the 
relative distance ( % of total distance) in the wrong annulus during water maze 
training, X-2bds = DHA content, Y-axis % distjriice in wrong annulus, • = 
15 aged rats, and ♦ = young rats. 
DETAILED DESOIIFTION OF 

In accoidanoe with the present invention, a mediod is provided for treating 
diseases associated with deficiencies in highly unsaturated fiitty acids (HUFA), 
such as neurplqgical diseases, cardiac diseases, eic., by administering therap^itic 
20 compositions to supplem^t HUFA levels in the patient. In paiticular 
embodimoots, a m^bod for treating a n^rologic^ disorder or other disease 
associated with depressed levels of DHA and/or ARA in the blood or tissues, or 
with neural or muscle cell membranes that are "leaky" to calcium, is provided 
which comprises administering to a person suffering from such a disorder a 
25 microbial oil^wjogiring^JDBLA a microbial oU^^ omq^^ _a 
combination thereof . These neurological disorders include neurodegenerative 
disorders and certain psychiatric disorden such as schizophrenia, in which the 
senun, tissue or membraoe levels of the essential fatty acids DHA and ARA are 
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5 pmhcii^MjaiasmiiKfcroil-pradiicbgcerfii^^^ 

'•■'T^V^c^Upr^ . een mi^bUl oil c<»»aid.g DH^ 
^ *. ^ Of »d, csaniso^. f^^,, ^ ^ ^ 

MS CHA or 10« ARA by weight. 

pn^ofU.,^ki^j^,^^^^__^^_^_^ 

of Ibe fttty ad* piBsea in a saiitae. 

A> .s«i l,e,eb, tte „d«o.^, or ^ ^ ^ 

?aco«d.ingDHAor^^^^^^^^^ 

^e^-'»:^:«?E?wwa:«BHsspAi^^^ 

»*-<»«3*m, «i.^^ 



WP 9^40106 



11 

or ARA. as the wild-type microoiganism, are particularly usefiil for piefened 
embodiments of the present invention. 

For the production of DHA-contaiiiing microbial oils, species of 
photosynthetic algae, such Cfumonella, ^letorienui, Thzlassiasirn, 
5 Isochrysis, Hymenantonas, or Oyptpmonas can be used. Preferred 
microorganisms aie heterotrophic species of algae which include, but are not 
limited to, ^IXnophyceae, for cxmpte. Ciyptheccdimum; or to fiiiigi such as 
Op^ntittomyceteSf for example, Thraustochytrium, or Schitzodiytrium or the 
^myceteSi for exzjoapleyM Saprolegnia or Mucor. 

10 Preferred micnx>isanisms for producing DHA are dinoflagellates, 

iDciadkigC^theco^ E^)edaUy pref<grit^ 

obligate heterotroph> which is described in U.S. Patent No. 5,407,957, issued 
.^nil 18, 1995. C coAn/r is prrferred because it produces fatty adds in which 
iDHA is the only polyunsaturated fatty add present in quantities greater than 

15 about 1% of the ttytal amount of polyunsaturated fiitty acids, a quantity which is 
signific^t for carrying out the m^ods of the present invoition. Samples of 
one strain of C. cohnii, which produces atnmdant levels of DHA, have been 
deposited with the American l^pe Culture Collection in Rockviile, Maryland, 
and assigned ATCC accession number 40750. 

20 Miarooiganisms useful for producing ARA include species of algae, such 

as Porpkyridium, Ochrompnas and Euglene^ and fungi, such as 
Thraustockytrium, Sdiizochytrium, Pythium and MoniereUa. Many of those 
species which make ARA also produce significant quantities of eicosapentaraoic 
add (EPA) in addition. Une?q)ectedly, it has been found that P. insidiosurn and 

25 M. Alpina produce ARA tait are at least substantially free of EPA. 
"Substantially free" is defmed to mean that the tatio of ARA to EPA is at least 
5:1. Preferably, the ratio is at least 10:1. Most desirably, no more than 1% of 
the fatty add content of the oil is EPA. As with fish oils, high EPA levds in 
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Aetaiy suppteneats ^^suh in a 

Aefanrlinoldcacid. Fuithenn«e.tteadmiiristn«ic»of ©^^^ 
ods to patiems. «pecfany ekteHy. hypdtepslve or p«g,u«t patients wl,o n.ay 

times, is undesirable because of the blood-thinning 
efibcts of EPA. Accorfingly. while those fongal ^ies producing both ARA 
a«IEPAcanbe„tilizedinfl.p„x«ssofthis^^»^^^^^ 

^-^J^insm Bothspedesazeavaaable 
™ianya«, stains a. on d^sit with the An.eri<^ ^ c.m„e 
CoDectn^e n. BpdcviUe, Ma^hmd. such as those having ATCC accession 
numbers !>ft9^i 



10 

numbers 28251 and 42430, respectively 



Iite«rise, although microbial j^ies produci^^ 
beutilizedasasoun:eofthel^oil^ 

dl^E^r* ^* of thelattyaddcoment Of the 

'^""■"""'""'-^tinnin i n i n il : 

40 srams per liKr, can be anaiiied. 
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Agitadon and spaipng renew the supply of oxygen to the micn)oiganisins. The 
rate of agitation nonnally is increased as the biomass increases^ due to the 
inoteased demand for oxygen. It is desirable to keq) the tq> speed at not grater 
than about SOO cm per sec, preferably not greater than about 300 cm per sec. 

5 Sdecticm of strains of microoiganisihs whidi are capable of withstanding greater 
tip speeds without undergoing shear damage is within tiie purview of those of 
skill in the ait. Control of foaming due to agitation is usually desirable, andj 
suitable anti-foaniing methods known to those skilled in the ait are within flie 
contempladon of this invention. 

10 The organisms used for the production of i>HA-coiitaiiung oil can be 

grown m any suitable nutrii^ solution. As noted above, seawater is an 
acceptabteniedium for the nutrient solution fon^ Theseawater 
can be eidid^ natural, ffltered/ or of which can be dilutol 

with wat^ (0 reduce salinities, such as 1/2 to 1/4 normal stiength, or 

IS concoitratBd to 2 times honnal strength. A prefened mi^^ 

braiMl artificial seawater or, alternatively, a mixture of 4.5 to 20 g per liter 
NaCl, 1.23 g per liter MgSOvTHjO and 90 mg per liter CaCI, in water. 
Micronutrients can be added and may be required when using defined media. 
However, such micnmutriosts are known to those of skill in the art ami 

20 generally are present in seawater or tap water. If t^ oigsmism selected is 
fafi;ten>troi>hic, inicA as^ and Thmustodiytriumy th» a reduced 

carbon source is added. Oy/iiftimfin^ 
carbon source for growth. 

Preferably, after addition of the seawat^ mediuib to the fermentor, the 

25 feimenter containing the medium is sterilized and cool^ 

nutri^ts and a seed culture of the microorganism to be cultivated. Although it 
is acoq}!able to sterilize the nutrients together with the seawater, sterilization in 
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^ in a loss of available gluco^ 
w^i^^ . glucose. Hie nutnents and 

per liter would be added. 6*""» oiy weigBt 

™ "tat 20% 10 .boM 30» a bioiiBs dtnsilies of ata, M 

-«-o,o.^^,,^. ^^^^ Z^^;^ 
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amount of caibcm source provided to other oigam^^ 
by those of skill in the ait. 

In addition to a leduced cait)on source, a nitrogen source, such as yeast 
extract or pq)tone, is provided to the medium. For example, 
5 brand yeast extract and Sheftone brand pq)tone can be used. Yeast extract and 
pqitone are organic nitrogen sources which also contain micronntnents. Other 
nitxpgen source^ easily can be d^ennined by 

such compounds are generally more expensive than yeast extract. Any DHA* 

or ARA-producing algae strain variant capable of using urea, anrnioniia or 
10 nitrates as a nitrogoi source can b^ 

lypicaUy, the feimeiitation is initiated with about 6 grams yeast 

extract per liter. More yeast extract can be added as required. A ^ical 

fenneiitalion lun reqoiies inm abou^ 8 to IS grams of yeast «tract per liter over 

the course of die run. Acccfrdingly, that amount of yeast extract 6an be added 
15 initidly with a reduced need for further addi^ The precise amount can be 

detomined by those of skill in the ait Generally, the ratio of ghicose to yeast 

extract is £rom about 2:1 to about 25:1. 

Cultivation can be carried out at any life-sustaining teniperature. 

Generally, nnoDoiganisins, siich as Crypthecodinium or Thraustochytnvan will 
20 grow at teniperatuie$ ranging ftom about 15**C to 34**C. Some fungi grow 

effectively at temperatures rangmg fraa about 10*C to 8d**C. Preferably, the 

tenqppratiire is maiittamed^^ 

temperatures are preferred, because they have a faster doubling time, thereby 
redudng total fetmentation time. Appropriate temperature ranges for other 
25 nucrooiganisms aie readily determined by those of skiU in t^^ 

Cultivation can be carried out ov^ a broad pH range, typicaUy from about 
pH 5.0 to 9.0. Preferably, a pH range of from about 6.0 to abait 7.0 is used 
for the growth phase. A base, such as KOH or NaOH, is used to adjust the 
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niediapH priorto inoculation: Du^ 

Ifioftheoiltummediuincanincnaseordeci^asn^^ „ 
<fcsiied.thepH«mbeacgustedd^ 

ad<% during tte growth phase Iqr adding an app«,pri^^ 
5 '^^'^^f the nricroWalcen oil is induced in the nric^^ 

the i™i««ion of a stationary phase by altowing the culture to 
luttogen dq,Ietion wphoq,hate depletion or by allow^^^ 
torise. Yeast cxtmddfciencies can bec^ 

'^<^yea«e««ctsuchthatthe«ediu»„isdq,letedofi^^ 
10 whiteavailablegWlevelsrenuun^^^^ It is the ca„,n sourcl 

to nrtiogen soun* nttio which promotes the effid«^ 
o1. Vsing ^ and yeast emct as examples, a preferred nt^^ 
soureeto dtrogen souit^ atthetime of inocuUtion is^^^ 10 to 15 parts 
glucose to 1 part yeast extract. Similar ratios for other carton and nitn^ 
15 sources an be calculated by those of skin in the art. 

After induction of oU production, the culture is grown ftom abdw i4 
adddwnal hours. I>m„gthisperiod, the singte^dl oil 
synthesized and oil droplets are visible inside the celU when ^ 
usmg a microscope. Those of skiO in tte art can readily calculate tfe^^^^^^ 
20 «=™»en,Htionrequiredtoadrievetheexpect«^ 
theadded amount of yeast extraa.W^^^ 

gtown for an additional 24 hours and harvested. In geneml, for sample the 

90 hours, although this time is subject to variatioii. 

Using the OypthecodMwn strain designated as ATCC accession number 
40750. asanexample, fiomabout 15 to30« oftheresuhh^ M 
««»ctableofl. Stiainsetectioncanincreasethispereentage. Preferably. th. »i. _j 



25 



comprises greato: than about 70% triglycerid es having , in general, the following 
fatty add compositioii, ^ 

5^20% m^istic acid (Ch^q) 
5 5-20% palmitic acid (C,fc<^ 

5-15% oleic acid (Cjfci) 
30-75% I>HA (Ca^ 
The crude ofl is chmcterized by a ye^^ 

tmperatuie. Desir ably, die oil contams at least about 20% PHA by we ight, 
10 pidferaUy about 40% PHA by weight, and most piefimbly at least about 50% 

The diganisms are harvested by conventional means, known to those df 
skill in the art, such as c«trifugation, flocculatioh, or filtration, and can be 
processed imniedia^ly or dried for future proce^ing. In eith^ event, thp cnl 

15 can be extracted readily with an effective amount of solvent. Suitable solvents 
can be determined by those of skill in the art. However, preferred solvents 
include pure hexane and supercritical fhuds, such as siq)ercritical C€>2. Certain 
]qx>philic antioxidants, such as fi-carptene, d*tooophm)l, ascorbyl palinitate, and 
BHT can be added prior to extraction. These compounds help protect the oil 

20 from oxidation during the extraction and refining prodesses. 

General extraction techniqpies tising supercritical fluids have been 
developed for the extraction of oil from oil-rich plaint seeds (McHugh, et al., 
"Supwcriticd Fluid Extraction," Butterworth, 1986). However, these standard 
methods generally are not applicable to the extraction of microorganisms. For 

25 example, spray-dried algal cells have the consistency of flour, and he flow of 
siq)eicritical CO2 is restricted as the microoiganism biomass is compressed. In 
addition, the ccH walls of microalgae and fimgi are chemically dissimilar to 
diose of most seed oil material. In order to prevent the compression and allow 
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A»«™««^,. , we, ttaass ^ ^, ^ ^^^ ^ 
"M'TOofbamandisopicpaM i-"!-"™. or 

-^ta^ u, Of « ^ ^ ^^^^^ 
^bf„.p.rtc„,„^Bc,«^. ^^^^^ 
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Other carbon sources which can be used include molasses, high ihictdse com 
synip, hydiolyzed starch or any otter low-cost conventional carbon source used 
in fermentation processes. Additionally, lactose can be provided as a carbon 
source. Thus, whey penneate, which is high in lactose and is a very low-cost 
5 carbon source, can be iised as a substrate. Suitable amounts of these carbon 
sctoces readOy be detennii^ Usually, additional 

amounts of the carbon, source need to be added during die coiirse of the 
. fennentatibn. 

Nitrogen : ^ically is provided in the fopi of yeast extraa at a 

10 concentration of from alxnit 2 to about IS grams per liter of growth medium. 
Pieferably, about 8 to 10 grams per liter are provided. Other nitrbgeai sources 
can be used» inchKlBngpqitQne, tiypbne, com steq> liquor, etc. The amount to 
be added of these sources can easily be d^ermrned by those skilled in the art. 
Nitrogen can be added tfaidu^hout the cidtivation or in a bateh mode, /.e. , all at 

15 one time prior to cuMyation. 

Aitar cultivation for 3 to 4 days at a suitable tmipmtitte, typically about 
2S^C to about 30^C, an amount of fungi or algae has grown which is suffident 
for use as an inoculum in a conventional stirred tank fermeiiler or sto air-lift 
fennenter. Feimratation csm be canied out in batoh, fed-te^ 

20 fermratiation modes. The stirred tank fennenter is equii9>ed with either a 
Ibshton-type turbine impeller or^^ 

The fennenter is prepared by adding the desired carbon and nitrc^en 
sources. For example, a 1.5 liter fenmenter can be prq)ared by mixing about 50 
grams of glucose and about 6 grams of yeast extract per liter of water. As 

25 previously discussed, other carbon or nitrogan sources or mixtures thereof can 
be used. 

The reactor containing the nutrient solution should be sterilized by, for 
example, heating prior to inoculation, as described above in the discussion of 
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10 

sec. 



nacnxwpurismcuWvaticmfortte After cooling to about 

30-C. the inoculum can be added and cultivation ini^^ Gas exchange is 

by air-spaiging. 11» ai^q«ugi„g „«e can vaiy, but piefera^^^^ 
adp^tedlofiom about 0.5 to about2.0vohm.es of air per vol^^^ 
permimrte. ftefembly. the dissolved oxygen level is kq,t at ftom about 10% 
to about 50% of the air satuiation value of the solution. Accordingly 
acbustments in the qaiging n«e may be rt^ 

Agitation is desiiable dming fementation. TT^eagito^^ 
themipeller. Agitation ^ speed preferably is set within the range of ftom about 

50cmpersecloabout500cmpersec.preferablytaaboutl00to200cm^^^ 
sec.. *^ • 

In gemaal, Ok amount of inoculum used in a fermentation can vaiy 
Tjpically. a logarithmic 

"f^^'^-^'vohm.eofthemediumhithefermentercanbeusedasanin^ 
Nutriem levels should be monitored. When ghKX«e levds ditv b^^ 
gnunsper 1. additional glucose should be added. A typical cultivation cyde 
utilizesaboutlOOgramsofgluco^^a^ 

It IS desuable to deplete dK. mtrogen during the ca^ 

misespedallytmewhenif. 

zu «4P»Ki is used as the production orgaiusm. 
Qcqasiorany. the^^ c^^ 

Optionally, an amifoaming agent, such as agents kno^ ^ 
art, for example, Mazu 310*. can be added to prevent foaming. 

25 -Wchp,od„cebothyaiAand^Atendtop.oducelessEPAandmoreAR^ 
whencuW^athighertempen^u^s. F6r example, when if. nfe^^ 
isaUtiva«edatlessthanl8-C.itbeginstoproduceEPA. ITms. it is preferable 
to mamtein fl« tempenmae at a which induces the preferenti^ 
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ofARA. Suitable temperatures aie typicaJIy from about 

Preferably, cultivation continues until a desired biomass density is 
acbieyed. A desirable biomass is about 15-40 grains per liter of the oiganism. 

5 Sndtk a l^omass Really is attained within 48 to 72 hours after inoculatim. At ^ 
^gjs ti me, the oigyiismg ^icaMy contain about 5% toJ[CL%jm>ple x li p ids^^ 
which about 10% to 50% kARA, and can be harv 

Harvesting can be done by any suitable metiiod, such as filtration, 
centrifugation, or flocodation. Because of lower cost, fihration may be 

10 pxefened. 

AAer harvesting, the bicmiass can ^te^^^ 
the bioma& can have any residual wat^ lemoved, as by vacuum d^^ 
beddiykg,QrlyophUization, prior to extrac^^ If the wsa^i5 re»ioved,itis 
preferable to use noqpolar solvents to extract the ARA-containing oil. While 

15 any nonpolar extract is suitable, hexane is preferred. Supercritical fhiids, such 
as CO2 or NO, as discussed above, also can be used for extraction of ARA- 
enriched oib fibm algae and Am Altiiough fimgi such as if . o^'/^ui are 
une)q)ectBdly diffiodt to extract with CO2, as much as 89% of the oil of a fungal 
Incnnass ca^ be rocovered at tenpoatmes about 90''C and pressures of 400 Atm. 

20 Alt^natively, the wet biomass, whidi typically contains about 30 to 50% solids, 
can be crtimblc^ aiid detracted directly using polar soiv^, suthi as ethanol, 
isq)ropyl alcohol, or a mixture of hexane and isqprqpyl alcohol. 

A preferred in^hod of aqueous extraction involves mixing the biomass 
with the polar solvent isopippyl alcohol m a suitable reaction kettle. Such 

25 kettles are known. Theuseof three to subparts of solvm per part of biomass 
is desired. Most preferably, the mixing is done under nitrogen or with the 
addition of antioxidants, such as 6-caroterie, a-tocopherol, ascorbyl palmitate, 
or BHT to prevent the oxidation of the ARA in the lipid extract. 
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grams of hioniass can be obtained. . 



5 -15% palmitic add . "~ ^ — ' 

15 - 20% stearic add 

5 - 10% oleic acid 

6 - 10% linoleic add 
2 - 10 % linoleaiic add 

15 

2 - 10% dihomo-ganiina linol^ add 
40 - 50% aiacbidonic ac^ 

^""^^ 

^inacconlancewiththisinvention.^ ^ 
20 .pa^^affectedb^ 

^^fi^inbeaitbyi^^. ^^^^^ 

AsonteR wheiB dq,ressed leveb of MA and/or AP A ^ 
diseaise n.. . ^'^"^ ARAaredianicteristic of the 

aisease. The thenqwitic coinpounds of this im^ . ^ 

:„ . ui mis invoition are also useful for 




inetal)oIism which r^ult, among other things, in depression of DHA and/or 
ARA levek in one or more tissues. Such diseases include multiple sclerosis, 
cerebral palsy, amyotrophic lateral sclerosis, phraylketonuiia and cystic fibrosis. 
It is not cont^plated that the method of this invration will provide a complete 
5 cure for each and every disease listed, but increasing the level of the HUFA 
which is depressed will be of at least palliative benefit. 

The oils are administmd in a manner that results in increasing level 
of DHA and/or ARA in the tissue where depressed levels of these HUFAs 
contributes to the pathology of the disord^ (hereinafter the "taiget** tissues). 
10 Appropriate taiget tissues may be identified based oh the abnormal or pathologic 
fbncdcmal dxanicteiistics exhibited by the tissues in conjunction with depressed 
kvels of DHA and/or ARA. Deviations finoin normal wiU be readily recc^^ 
Iqr the skilled clinician familiar wit^^ 
diseases. 

IS While treatment is preferably monitored for dose adjustmrat by following 
the level of DHA and/or ARA in the taiget tissue, the skilled clinician may 
alternatively monitor the level of HUFAs in a sunogate tissue, such as blood. 
Blood is a preferred surrogate tissue because it is relatively easy to oMain 
sanq>les fhrqugliout treatniem aiK^ HUFA levels can also 

20 be monitored in jGnactions of whole blood, such as serum, plasma, erythrocytes, 
etc, Ihe q)ecific c^ 

normalization of senim and erythrocyte DHA and ARA levels. These SGom 
levels of DHA and ARA are thought to reflect the long-chain polyunsaturated 
&tty-a(^ compositions of neurologiad membranes. As will be qjparent to the 
25 skilled clinician, if the level of the d^ired HUFA in the surrogate tissue is 
nonnal, then that level will be raised above normal by treatment which increases 
the kvdofHUFA in the taiget tissue. In some cases, serum levels of ARA and 
DHA may need to be increased to 4 to S times the levels which are considered 
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ibe>d..M»,« ^ ^'"'"P'Musniaybeiiefltftnii 
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triglyceride oils with taik)red ratios of HOT 

developm^t of the microbial specialty oils described herein, the benefits of 
providing such tailored nuxtiues to pati^ have not heretofore been recognized. 

5 One embodiment of the present invention provides a method for restoring 

normal iatty acid profile with respect to HtJFA content in tissue of a patient 
exh9>iting a lipid imbalance* For example, when the tissue exhibiting the lipid 
imbalance is blood, the fatty add profile of the patient's serum may be 
determined before initiation of tfaersqpy (the pre*therapy fatty add profile), and 

10 the patirat's pn^^tfaerapy falty acid profile compared to the £atty acid profile for 
normal individuals (Le., individuals iiot overtly suffering from a disease 
characterized by The "'normal" faity add profile will 

usuaUy be c^nniiied by each diiucal analysis fadHty, as a range based on 
historical data £roim their local patient population. A therq)eutic mixture of 

IS triglycerides is prepared in which the HUFAs which are below normal in the 
patient's pmfile are provided at hi^ 

Tlie therapeutic nii^^ 
eadi HUFA in the patient's pre-tfa^s^y serum li^id profile, where the deviation 
is the dififereiiK:e betwera^^ 

20 HUFA in tfie patirat's saam. The tfaaiEq)eutic supplement can then be prepared 
by combining a rnmto of inc^^ 

that result in the amount of each HUFA in the therapeutic siqpplement being 
proportional to the deviation of tfiat HUFA, as calculated previously. 
Pieferably, at least one nxlividual HUFA-containing oil included in the mixture 
25 win be substentiany free of an HUFAs excq)t one; the availability of mic 

oils which contain essentially only one HUFA provides the flexibility to 
formulate such therap^tic mixtures for individual syndromes and ev^ 
individual patients. 
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accomplished by the tailored mixtures of this invention, will enhance the 
therapeutic efficacy. On the other hand, increasing the amount of fish oil 
administered to the patient will tend to increase the s6rum level of all HUFAs. 

5 While the preparation and use of therapeutic mixtures has been discussed 

in relationship to correcting the lipid balance of serum, such mixtures can also 
be used to correct lipid imbalance in patient tissues other than blood. Fpr 
examplei, disonters involving cdls m the heart muscle (cardiac my6cytes)» where 
the DHA leyd is too low in excitable membranes of these cells, naay be treated 
10 by administerii^ tfieia^^ compositicms contaiiiing triglycerides high in DHA 
to hKiease tteDHA pontes 

found in normal heait musde^ Sudi tfaerq)eut]c conqx>sitipns may contain DHA 
as tiie only 9UFA» or may be made up of a high HUFA source, such as fish oil 
blended witti a micnibiai triglyc^de tihat is high in DHA and essentially free 

IS of EPA 0.e., the DHA level is at least 10 times the EPA level, prefetably 20 
times the QPA kvd).. therEq)eutic composition essentially free of EPA is 
parti^ulaity jnrfeired if^ in order t6 increase (he level a particular HUFA in the 
target tissue, it is neoessaiy to adniinister diough of the thenq)eutic composition 
to ndse tiie levd of tiie HUFA in seram substantiaUy atove nor^ 

20 Although the DHA- aund/pr ARA-<xmtainm 

patieiits direc^y more poovnoi^ tiiey will be combined with one or more 
pharmaceutically acceptable carriers and, (q)tionaUy, other then^ksutic 
ingredients. Acceptable carriers are those which are compatible with the otiier 
components of the formulation and not del^erious to the patient. 

25 Fdrmulations include those suitable for oral, nasal, topical, or parmeral 

(including subcutaneous, intramuscular, intravenous, and intradermal) 
administration. Itwillbe^reciatetiiattbepreferredformulation can vary with 
the condition and age of the patient. The formulations convenientiy can be 
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m be IWog 1* of , pattern wlK, is „„bte to 

andcan befonnulated s6astonm«JA..i or scored 

■"""Jlysucrweandac^&orlngwmh. "^-^t^^ 
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In fonnulations suitable for nasal administration, the carrier is a liquid, 
such as those used in a conventional nasal spray or nasal drops, 

Formulations suitable for parenteral administration include aqueous and 
nott-aquepus sterile injection solutions which opdonally can contain antioxidants, 
S buffers, bacteriostats and solutes which render the formulation isotonic with the 
Uodd of die intended redpient; and aqmeous and non-aqueous sterile suspensions 
which can include su^)ending agents and thickening agents. The fonnulatioiis 
canbepsesentedfiauint-Klbseoirmulti-^^ A pirrfened embodiment 

of the pxesrat invention inchides incorporation ci the DHA and/or ARA oil(s) 
10 mto a formulation for providing parenteral nutnti^ 
The microbial ofl compositions^^^ 
a<iniitti^tfCT4 ^ phanriacentical composition. They also can be formulated as 
a dietary supplraient, such as a vitamin csq>sule or as food nphcmxxA in the 
normal diet, the microbial oils can be administered as a cooking oil 
IS replacement formulated so diat in normal usaige the patient would receive 
amounts of DHA; and/or ASA sufficient to elevate the concentratioiis of these 
fiitty acids in the serum and in membranes of affected neural tissues to normal 
or near-normal levels. A special raiulsion type margarine could also be 
fonnulated to replace butter or cndmary rnaiga^ The single cell 

20 miciolnalcnls could bef added 10 processed foods to pro^^ 

of Ci>-3 ap^ f ^iT^gg'tiiratftfi fatly addSi The oil can be iniat)ettcapsuJated using 
gelatin, casein, or other suitable proldns usmg mediods known in the art, 
thereby pn>vidmg a dry ingredi^tfonn of the oil for food pnxsessing. Such 
methods of adnrinistration can be preferred in the case of a person known to 
25 have a genetic predisposition to a disorder associated widi a DHA or ARA 
metabolic deficiency such as a neurodeg^eradve disease, for exanqfle 
Huntington's disease or Alzheimer's disease. Such methods of administration 
are also preferred in prophylactic therapy for patients at risk for atherosclerosis. 
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- Hieaiy precursors. This results in ti«. .n-^- ^ 
10 significantly lower th,- »h . "^'^ ^^echve doses which are 

Bperoay. A prefeired maintenance dose would 
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be 500-1000 mg per day. If the ARA oil to be used is 50% enriched in ARA, 
such a dose wwld conespond to the addition of al)out 1000-2000 mg of ARA 
oflper day. Doses of a suitable combination of the DHA and ARA c^ 
oilswiUbe lOOOmgof DHAand lOOOmgof ARA^^ 
5 Desind>ty, die patient's senmifiEitty^^^^^ 

four wedcs of this daily therapy. Subsequoit doses then can be modified in 
lesponse tt> the observed leyd of plasma lipid or led blood cell DHA and ARA 
and in response to pbscaved clinical rei^ses to the therapy. Patients with 
peroxisomal disorders din have red blood cell levels of DHA of only 1-3 itg 
10 DHA jpea'nd. of plasma. Noimal ta:^ valuer nmge from about 10 to 30 fig of 
DHA per ml of plaana. Normal target values of dfailating ARA range from 
about 75 to about 120 MS ARA pe»r ml. of plasma. Once normalized level(s) of 
the dxculating ^ add(s) of intraest have been achieved, the daily dose of 
oil(s) can be modified to maintain the circulatuig DHA and/or ARA at a 
15 desirable level, 

As ncfled above, ih orto to treat certain iieurolo^cal disorders, it may be 
desnable to raise the level of drcula^ DHA and/or ARA in the blood tQ4 to 
5 times nonnal fevels. The levels of circulating DHA and ARA, therefore, can 
be raised to about 120-150 fcg/nil and about 480-600 fig/ml. respectively. 
20 Although not wantiiig to be bound by any specific thisory, it is tiie 
inventor's bd^ef ti^^ the administration of DHA is effective for treating 
neurological disorders because of its ability to regulate calcnim uptake by 
neuronal cells. A dqpolarization of the neuronal cdl results in deV^ 
of intracellular calcium j causing the activation of a phoq>holipase and resulting 
25 in tiie release of free DHA from the cell membrane. This free DHA acts as a 
calcium diannd blocker, thereby limiting calcium entry into the cell, llius, the 
level of DHA present in the neuronal cell membrane, and thereby available for 
activation-induced release of these long chain polyunsaturated fatty acids, may 
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The role of ARA in neuronal function is less clear, although it too is a 
major component of neurological membranes. Many neurological disorders 
exhibit a deficiency of both DHA and ARA, The object of this invention is to 
supplement levels of both these components, using DHA and ARA from 
5 microbial oil to normalize both of these important fatty acids. The 
siqsplonaitation of DHA and ARA without ismy significant quantities of EPA is 
an impoitaiit aspect of this invradon/as the EPA levels in neurological tissues 
goi^y aicf low and siq[>plementalion with EPA will dq>ress ARA levels, and 
may be contnundicated in ceitain inst^^ Therapeutic admiidstration of the 
10 DHA oil in combination witt die ARA oil may be ben^dal in maintainiiDg or 
establisbmg a ratio of c^^ to (o-6 long cham polyunsaturated fsMy in the 
body pompdrabte to thai; in normal l^thy 
Loweriiqs of Sferuin Ti^ly 

Vmous angi(>gnq)hic aftd q)idemio 
IS tii^yceddeccmbeiitration isafi^^ ath^osclerolic ride (Asmiami, 

et al., 1992^ "Retolion of ffi^Denaty Cholessferol and 

Triglycrades to Incidence of Atherosclerotic Coronary Artery Disea^ (the 
PROCAM Bq)erience),^ i4m. /. 1994, 
''Plasma Triglycerides and Tluee Iipq|v6tdn Choleste^I Fractions are 
20 Indq)eodentP^^ amdation, 
90:2230^2235; Shanett, et al 1994, *Asa)ciatioii5 of Iflpppiot^ Cholesterols, 
Apolqwprotdns A-I and and Triglycerides with Carodd Atherosclerosis and 
Coronary Heart I^sease, The Atherosclerosis Risk in Communities (ARIQ 
Study,- Arterlosckr. Thromb., 14:1098-1104; Terikanen, et al., 1994, "The 
25 Triglyceride Issue Revisited. Finding ftom the Helsinki Heart Study," ArdL 
Imern, Med, 15^:2114-2120). In particular, caidiovascular risk is substantia^ 
increased among p^sons having elevated triglyc^des accompanied by relativdy 
low levels of diolesterol in high density Kpqproteins (HDI^C; see Assmann, et 
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^- 1992; Tenkanen, et al. 19Q4\ wi. r m u. 



406). «/7TnaIs, Artenscler. 7h»,nb.,i2:399- 

elevated trirfvc<.riA. * I^HA to patients with 

am EPA ^ be JIT^^'*'-^"^'^ 
• r«crre*etH» rf,aud« atrqiado. to EPA 
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ingestion <Schacky, et al., 1985, ^MetaboBsm and Eff^ 
of the Purified Ecosapenta^oic and Docosahexaenoic Acids in Humans, " J. 
Clin. Invest. , 26:2446-2450). In general, however, the beneficial aspects 
asscwiated whh niarine oil are stiU obsen^ed for supp 

5 with litde or no EPA. Therefore the ccnnbination of DHA with EPA in fish oil 
is of little additiohal therapeutic benefit or may even negate the positive 
attributes of DHA^ while supplements containing DHA with little or no pPA 
provide a clmicaUy useful adjunct to standard dietary th^y by favorably 
altering triglyceride and HDI^ccmcentrati^ Additionally, DHA-airiched 

10 supplenaentsmayHmhorrev^ 

when bile: acid sequestninb are admmste^ to persons with^ T^ 
dyslq[>Meinia. 

Stabilization of Cat^c Anrfaytl^ 
Halkq and Leaf reported that fis^^ 
15 ARA,canprev^contnKlionandaiitaytta 

in rat heart myocytes. T5iey determiiwd that EPA and DHA mck^^ 
dihyditpyridine^seniStive caldum chamier^(^^ 

A(X!d. Sd. 1/S4, 91:8832-$83(S). Whcm fte myocytes woe treated wifli agonists 
of the channel, suf^lcanentation of the medium with EPA and DHA reduced 
20 calcium influx, and lowered cyt^solic free calcium concentration, as well as 
preventing contES^^ 

dihydrepyridine calcium channel which inhibit spontaneous contractions, EPA 
andDBApicsveotedtlietahibit^ This data further supports the role of 
DHAin ncCTializinig caidum m^aboiism by ^citable mmbranes, as discussed 
25 above for rieiironalcdls. 

M»i told to eat fish several times per wedc afl^ a first heart att^ 
fiewer subsequoit fotal heart attadcs than those who do not eat McLennan 
and Chamodc demonstrated that fish oO feedings essentially prevent ventricular 
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"-Wl«c««l.. ««« "o-k. occur we„ Art ^ „ ««»wZ- 
1 VVM, wUcb is en„iva,e„ " 



wo 96/40106 



PCTA)S96/08649 



37 

To maintain the dissolved oxygen at greater than 20%, the agitation tip 
^peed was increased to 1 75 cm per second at 44 hours and to 225 cm per sec at 
55 hours. At 76 hpursiflietqp speed was decreased to 1^^ The 
cultuie was grown for an additional time sufficient to convert th^^ 
5 of glucose into cellular oil, then harvested. The harvested cells were dried to 
about a 4% moisture content Hexane was added to the dried biomass and 
stilted in a glass ketUe for 2 hours at 25**C. A rotary evaporator was used to 
lOTove the hexane, producing abom 7(X) gi^ 

TiSramplii 7. 

10 Sfacty kg of yeast extract, 45 kg of NaCl, 12.3 kg of MgS04'7H20, and 

0.9 kg of C^C^:2HiO in 7,000 li^ 

fcarmentor. After this sohidon was sterilized, 3,000 Kters of a sterilized glucose 
sotation at a conc»ntratidn of 650 kg of glUOT^ 

added. TTie initial pH of the medium was 6.3, the traiperature was 28'C, 
15 aeration was 0.5 to 1.0 VVM, the vessel bade pressure was ^ to 0.2 bar, and 
the agitation tip speed was set to 120 cm per seconds before the vessd was 
inoculated with 300 Bter of an inoculum culture of C. co/rm7 which had attained 
a cell density of about 60 x 10^ cells per ml, which is equivalent to 4 to 5 grams 
of diy wdgfat of Uonu^ piar liter of culture in the inoculum tank. During the 
20 course of the feimentaticm^ a food grade antifixm, such as Dow 1520 was addpd 
as needed and the pH was held at 6. ^ 

needed. Ttie dissolved oxygen level was maintained at greater diaii 20% of air 
saturation by increasing the vessel back pressure and agitation. Additional 
glucose aAiitions were required at 93 hours and at ill hours to maintain the 
25 glucose levels above 5 grams pCT lite. Ifce course of tiie fCTientation is shown 
ill Figure 2, At 119 hours, tiie fermentor was cooled to 17*^0 and the 
fermentation brotii was processed tiuough a centrifuge. A 608 kg slurry 
containing 25% solids was recovered. The starry was spray dried, prbdudng 
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>««150kgd,yalgalpowderwluchconta^^ 

DHAc6ntemof4Qto45%. '^/*'^*30to40kgofoil witha 

«iBuuniieq oy the adding water at Wr m. j 
collected by ceiitrifi.«*;« . ^ ^- The dcgummed dl was 

«^ «>y centnfiigation and refined by mixing wJtk • 

Plioq*oricacidat55-Cforn„.i. ^ ''^t^ caustic base and 

^^**"^''-' vior one hour Thpmfi«^^ ^ 

"""•VcaftrfbgaamaiidgeiiUybleK ■ 

o *c5uinngoij had a peroxide value less tfe* 1 « 
""tf '■"'"""^^ 

me cuiture was harvested of^^ n 
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RTamplft A Prpp a p'^i"" "f Pythiiim inxidinsum lipid 

In an 80 Uter (gross volume) fennentor, 51 liters of tap water, 1.2 kg 

glucose, 240 grams of yeast extract and 15 ml of MAZU 210S« antifoam were 

combined. Tlie fennentor was strailized at m'Cfot45 minutes. Anadditional 
5 5 film of randensate water were added Airing the steri^ 

was adjusted to 6.2, and approximately 1 liter of inoculum at a cefl density of 

Sto lOgrams perBterof (ATCC «f28251) then was added. 

The ablation rate wb «5usted to 125 REM corresponding to a tip speed of 250 

cm per second and the aeration rate was set at 1 SC^ 
10 minate). Athbur 24 in theoiieialkmfl^ 3 SCFM. 

Athour28^additi(mal 

At hour 50 the famentor was hanwsted, resulting in a yield of about 2.2 kg wet 
wdght of blokass, which was ai^ 

of culture, tte harvested fuomass was squeezed to a ligh solids cake, 

15 compriskg^i|HQ3^ 

dried. Tlie dried biomass was ground 

with 1 litw of hejaneper200 grams of diyWomass at room tempMaturc under 
continttous stirring for 2 hours. Hie mixture then was filtered and the filttale 
evaporated, yieldiiig about 5 to 6 grams of crude tjil per 100 grams of dry 
20 biomass. The biouMws was reextracted with 1 lilw 

dry biomass for 1 hpur at room temperature, iifte^ arid the sdyent 
evaporated, yieliiing an adifitio^ 

hkmass. The second ftactioo was predonrinantiyphositolqads w the first 

fiactioncontaMa'nDrt«»ofpfc<»P'^ 
25 fractions produced an oil containing about 30 to 35% aiachidonica(Al a^ 

detectable EPA. 
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« was adsoibed, preventing any leakage. 
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The tops were placed over the gel caps and were banded with dyed gelatin using 
a capsule banding machme. Alternatively, the caAoxymethylcellulose could be 
mixed with oil at a ratio of three parts caiboxymethylcellulose to one part oil in 
a sqiarate container and then pressed into tablets using a tablet press. 
5 The procedure was repeated using ARA-enriched oil produced in 

accordance with Examples 4 and S. 
Hxample 7 

Crude microbial oils produced from microorganisms such as those 
described in exanq)les 1, 2^ 3, 4 and 5 were processed using convwitional 

10 vegetable oil processmg medidds. The oil was deguinmed to Remove 
pho^hatides by mixmg with water at 50'C. then rctaoving the water and gum 
mfacturpbycentrifugaddo. Tte oil was retoed to remove tte free fetty a^^^ 
mbdng witii caustic base followed by phosphoric acid at 55**C, thai ranoving 
tfie wat^, My arid mixture by coitrifiigation. The processed inicr6t>ial ofl was 

15 bkadhed by mixing with citric 

filtration to remove the q?ent clay and any ra^ 

In some cases the oil was deodorized usmg either a high vacuum ^sdllation or 
a counter currrat steani strijpping deodorizer resulting in the production of the 
fmal,rrfined, bleached and deodorized oil ORB Specificadons of the oils 
20 flowing throu^ this process typicafly^^^ »Bq 
per Idlograiii ahd a free^^^^ 
sue ^ical for standaid vegetable oils and tte ^ 

inplaceof v^^leoil in theprqjaration of margarine, shortenings, spoonable 
diBsangs, Kquid dressings, or as the oil component of other manuf 
25 products. The microbidpib are highly CTriched in long chain polyunsaturated 
ftfty adds, in particular DHA and ARA, and are diluted by at least one part per 
ten parts of a convendc»ial ml chosM for the particular product bring prepared. 
For incorporation into chocolate products, tiie oil is diluted wifli cocoa butter. 
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*i(nas are recnedcBd in four nmd™ f>.i. 

miourweeks. If the semm dha and ARA 
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levels arc less tban five times the nonnal levels (Le., if seium DHA is less than 
100 Mg per mi of plasnui and s^m ARA less than 500 /tg per ml plasma), and 
the synipU)mis persist, the patient should remain on the same dose regimen until 
the serum DHA and ARA reach the desired levels and/or symptoms are 

5 alleviated. The dose then can be lowers until the symptoms once again appear 
or until the serum AIU^ and DHA levels are in the normal 
Hxample 11 

A pal]»t with schizqphrenia is adn^ 
day, each of whidi contsuns a balance of DHA and ARA oils pr^idiiig an 

10 ARA/DHA ratio of about 2:1 and an overall dose of DHA of i bOO mg/day and 
ARA 6f 2000 mg/dr The patiait's seium lq)ids:are recheckrf in four^^w 
If the seium DHA and ARA levels are less than five times normal levels (i.e., 
DHA less than lOO ftg/nd plasma and ARA less than 500 jtglwl plasma) and the 
synq>t6ms perast the |»tient should remain on the sanie dose regimeii until the 

15 desired tevds are reached a^ Once the symptoms 

of tte neuropathy are relieved at the given dose, the maintenance dose can be 
titrated down until the symptoms once again a^ipear or until the seiniin ARA and 
DHA levek are in the normal range, 
Exainplft12 

20 Blood lead levels of greats than 10 Mg per deciliter are considered 

"nraiologically signfficant" by the tf.S. Center for Disease CosAsol and 
PieventiCHi. Patients tested and found to have blood lead levels in excess of 10 
/ttgper deciliter are administered 1-3 one gram gel capsules per day, each of 
whkh contains a balance of DHA and ARA oils providing ah ARA/DHA ratio 

25 of about 2:1 and an ovctO dose of DHA of 250 mg/day and ARA of 500 mg/d. 
The patient's s^m lead levels, plasma fatty adds and plasmalogen levels are 
rechecked in four weeks. If the seram DHA and ARA levels are less dian five 
times tiie normal levels (i.e., DHA less than 100 fig/ml plasma and ARA less 
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PatientshoaWianamontte • "^'^ead levels persist, the 

00 tiie same dose n?gi^ 

are achieved and/or the ™ fetty aad levels 

«uui lae sympjoms cmce again aroear nr 
Exanmlej^ DBA Th».^ ^ 

n«^ ad««,ie„te, ^^T^ ' " "^ "^ with 

I>HA-^t4^^ ^ °- to two ^ with 

Fat^addoontemat^ousti..^.^ 
''•- "^"^ an. Shown in T^^^^^^ 

nonnali^ed&allKdent, '^^^'"^^^^^ ^'^^^ 

patients as a result of this treatment Slight- 
ttedinicalcoKfitionandrar™ • . ' ^ ^^S'»"Weinentof 
^ ^^^^^™axunal amplitude was ««. I- ^ . 
20 «K>fortherneuiDdeBene.,ri™, . «en in two patieats and 

™*»wiegeneiation was observed m flu. • 
wxsrveaintlie 
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Table 13-1. Fat^ Acid Content In Plasma 



Age 


Supplementation 
(days) 


DHA*« 


Arachidonic Acid*** 1 


12 years 


0 

149 
294 


13:28 
22.18 


63.83 
66.75 


6 inpnths 


0 

108 
313 


5.85 
44* 
43.30 


59.72 

67* ■ 
54.39 


23 years 


0 

132 

- 273 


7.85 
10.06 
11.32 


44.71 
53,24 
38:47 


19 yeitfs 


0 

144 
281 
504 


4.27 
9.40 
14.76 
24.68 


45.33 
54.55 
43.05 
65.39 



* in Red Bipod Cells 
15 DHA. C22:6b>3 (normal ^ 36.6±5.0 iun/lO^ 

*** Aiachidonk Add/C20:4(o6 (nonsial = 150.0±30.Q mn/lO*) 



Table 13-2. Clinical Faiamc^ 



Patient's Age 


Clinical Examination 


IRM 


ERG 


12 yeiars 


no change 


cerbbelbr hypopla:^ 


Hat 


6 months 


improvemmt 


honnal 


no change 


23 ycais 


iniprovment 


cerebellar hypoplasia 


no change 


19 years 


; no change 


cerdiellar hypoplasia 


. no change 



Eyamplft 14 Pffert nf Ag ing nn Cnpntim and Patty Add rnmpoRitinn in T^in 
Young Han:Wistar male lats (n-10, 3.5-4 month old) and aged 
HantWistar male rats (n==12» 24,5 month old), not previously used in any other 
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«9«rinm.. wemdngty housed in a 

were available orf /^. «> 5'-O0pin). Fbodand ^ 



5 were anesthetized with^ 

i p.) and placed i„ a stereotaxic W T ^ 
-Planted. EEG .easul^ '^'^^ 

inree 30 mm. cumulative waDdmr-imm^k i:^ . 

in ^ °° consecutive davs Sann»«.^ 

10 during the same rimA«P A • *«»Rlings were made 

1-20 Hz sum amplitude EEG vahie. - , 




WalirMaze . 

liaB woe placed in Ike imt, ^ < 

A 30-s recoveiy period was 
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I between the training trials. The location of the platfonn was changed 
everyday; The computer calcukted the total distance swum (in cm) ^ 
distance (the hi^ii^ total (Ustance, the worse qratial acquisition performance) in 
all quadrants (n«4) and annuli (n=3) separately. TTie relative distance swum 
5 ill tiie outc^ annufi was also calcukted as during agbg the rats 

proportbn of the time searching the platform from the outer annulus (wrong 
annulus). Escape distance values (cm) during training days 1-4 showed age- 
related defects in spatial navigation. Aged rats had markedly higher escs^ 
distance values during all of the training days (p=0,0011), and aged rats q)ent 
10 moietimeindiewrragamultts jttha^ 

compared to young rats ^=0.0004: old = 61 -5 % vs. young = 37.5 %). 
Passive Avoidjance 

Passive avaidande traimng was started 24 h afior the la^ water ma:^ 
testing session. Pas^e avoidance box had a light and a dark compartment. 
15 During the trainmg trial; the Ktfs were plac^ Ttisty 
s later ttedidmg guillotine door was opoied. Aft^ the rat ratted the dark 
am^artment the door was closed and a foot shock of 1.0 mA (3 s) was giv«. 
During the mCTipry trial 72 h later the rat was again placed in the bright 
conqjartmem and the lateiiicy to enter the dark comp^^ 
20 s maximum latency). Passive avoidance entry lat^cy values were shorter in 
aged rats (p=0.0001). 
Fatty Acids 

After the «5)erimOTts, the frontal cortex 
stored at -73 T until assayed for fatty acid cont»t. liver and heart fatty add 
25 content (shown in Table 14-1) did nrt differ between young and aged rats. Fatly 
add content in brain samples is shown in Table 14-2. Cortical 16:0 level was 
slightly lowCT in aged rats than young rats (p = 0.028) and cortical DHA levels 
were also lower in frontal cortex of aged rats (p = 0.089). H^jpocampal 16:0 
and 22:6 DHA levels were lower in aged than young rats (p = 0.48 and p - 
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0.«,«^) Oa^^,„, ^^^^^^^^^ 




Table 14-2. Fatty Acid Content of Brain Saimples 











Old 


Young 


Old 


Young 


16:0 


21.2+0.7 


22.2+0.6 


21.5+0.8 


22.2+2.3 


16:1 


0.1+0,3 


0.2+6^3 


0 


0.1+0.2 


18K) 


18.7+1.5 


19.2+0.6 


19.1+1.1 


18.9+1.7 


18:1 D-9 


19.9+1.9 


19.1 + 1.1 


20.6+1.1 


18.5+1.6 


18:1 D-7 


3.5+0.4 


3.4+0.2 


3.7+0.2 


1.9+1.6 


18:2 


0.3+0.3 


0*1+0.2 


0+0 


0.2+0.7 


20:1 


0.2+0.7 


0.5+0.9 






20:2 


0.3+0 


0+0 


0+0 


0.3+1.1 


20:4 ARA 


13.3+0.5 


14.1+1,3 


15.1+0.5 


15,8+2.7 


22 :4 - 


3.1+03 


34+0;3 


3.5+0.3 


2J;+K7 


22:6 DHA 


16.5+1.1 


17.5+1.4 


15.3+0.7 


17.5+3 


Unknown 


2.9+3.7 


0.1+0 J 


1.2+2.6 


2.1+6.8 



Ilie present results indicate tbat the a>ntent 
Uv^ and heart in Han:Wistar rats fed| witfi a legiilar diet. However, brain DHA 

20 amtm was decieased in both the cortex (6%) and hi]^^ 
rats. Ihecondation of Mppocanipal DHA with cpgni^^^ 
4) indicates an adverse effect of lower DHA kvels. figure 4 shows that the time 
sp^ in the witnig annulus correlated with bippdcampal DHA contrat 
(r=C8927,p < 0.001). 

25 The results showing that only brain DHA content (not Uver 

decreased may suggest that the synthesis of DHA by astrocytes (Moore, ^ al., 
1991, 7. Neurochem,, Sfi:518) is decreased during ageing whUe peripheral 
production of DHA is relatively intact in aged rats. Therefore, it is possible that 
the impaired DHA metabolism may, via dysregulation of NMDA receptor- 

30 mediated mechanism, impair syn^tic plasticity and memory Ainctioning 
(Fujimoto, et al,, 1989, in Hfalth Effects of Fish and Fish Oils, p. 275; 
Nishikawa, et al., 1994, /. Neurdphys. , p. 83). 
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Pv*«,^i "' ^^™™*ecQirtiol values 

" triglyceride fonn- 1 2^ ^ «f ARASCO od conlaming ARA 

the volunteeis dorin. »i. ^ consumed by 

unieeisdunng the studies jmn^ another , 
add. '"'•^^^OOmg/dayofaiachidonic 

of clinical disonte«o„* '^"^'^ ^i-e., no manifestations 

25 arachidonic add i« . collagen, or 
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plama levels of arachidonic acid were found when the subjects were fed the 

aiachidonic add diet. 

Rxample 17 DHA Snpptefnentation Study 

This study examined the effect of supplementing the diet of healthy 
5 subjects with DHASCO csq>sules (six 500 mg capsules per day, each containing 
about 47% DHA in triglyceride foitn, but no other HUFAs) versus placebo 
capsules (six 500 mg cq>sules per day containing no DHA). Eightei^ 
nonnol^idraiic subjects (ages 18-49, bodi sexes) with normal lenal, kidney, and 
thyroid function on normal ad ttbtium diets were randomized in a blinded 

10 fashion to the DHASCO capsules or placebo for a five month period. During 
the course of this study, approved by the Human Investigation Research 
Committee, no adverse effects of any kind were noted, including no effects on 
standard blood chemistries and complete blood counts. 
Analysis of plasma lipids, Iqxypioteins, apolq^ 

15 red blood cell (KBC) phosphatidyletbanolamine (P^ fatty acids, and various 
tests of immunologic function have been performed, and the data is shown in 
Tables 17-1, 17-2, 17-3 and 17-4. There was a statistically significant increase 
in HDL and ApoAl using a paired t-test for comparison of before and after 
treatment samples (Table 17-1). Although there was a 20% decrease in senim 

20 triglycerides (Table 17-1) in the DHASCOsupplemented group, the sample size 
was too small to show significance at the 95 % level. 

Meydani, et al., (1994, J. Clin. Invest., 91:105-113) reported thata fish 
oil di^ affected a number of immune system parameters including lymphocyte 
proliferation (decreased relative to controls) l^ocyte CD4^ counts (decreasecQ, 

25 and leucocyte CDS'*" counts (increased), while total T lymphocyte counts were 
unchanged. Similar tests on the subjects fed DHASCO or placebo in this study 
(Table 17-2) showied no diange in CD4**^ and CD8^ leukocytes or in lymphocyte 
prolifaatkm and a sniall increase in total T cells. No significant changes in any 
of the other parameters at 2 and 3 months versus baseline were observed in 

30 either the placebo or DHASCO capsule group, except for two to dueefold 



WO96/40106 

PCT/US96/08649 

52 

17-3) «riKC (W* 17-0 fi„ a^MASCO^j^^^ 
- 

15 w r*"' '^'^ 

W 2,^.,.., 

AU values are iiiBan±SD *-=^xia.4 



20 



paired l-test: 
• P <0.05 
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Table 17-4. DHA Supplemratadon Study: Percentage of BBC Fatty Adds 

(Treatment Gioup Only) 



5 




Tt!l«>1ilM> 


_ __ — RTfrTteatment 




P4A16:0 


5.13±.3S 


4.70±.63 




16:0 


14.94±i.5 


16.24±l.6«' 




DMA 18:0 


10.07±9.1 


9.58±.89 




DMAl&ln-iS 


3.97±.55 


3.84±.85 


10 


18:0 


7.12±.54 


6.98±.66 




18:1 n-? 


n.oiii.i 


- 17.6±1.2 




18:2 n-6 


5.66±1.1 


5.48±1.2 




20:3 ^ 


0.91±1.6 


0.84±.ip* 




20:4n-6 


19.7±l.a 


IZffiill*** 


15 


20:5 11-3 


0,69±.22 


0.82±.31 




22:40-6 








22:5 11-6 


0.72±.U 


0.45±.C8*** 




22:5 11-3 


3.04±,4I 


1.97±.25*** 




22:6 11-3 


4.88±1.77 


9.46±1.8*** 


20 


Faired t-Test: 
* p<0.05 
** p < 0.01 
*** p < 0.001 







25 Rxamplfi l S Shidy nf IV^sft nT¥A RiipjplftfnftiitaHftfi 

A giroiip of 17 subjects weie studied as described m Example 17, excq>t 
diets were supplemented with one-liatf the amount of DHA-cbntaining oil as 
Exainpk 15 (i.e., LSg DHASCO/day). Table 18-1 and 18-2 show the effect on 
DHA and ARA levels in plasma and led blood cell phosphatidyl ethanolamine, 
30 respectively. The baseline 0>ie-tieatment) values differ 

to differmces in the analytic^ procedure. The study shows that 
si^lementation widi this amount of DHA results in a 220% increase in plasma 
phospholipid DHA and an 8.7% decrease in arachidonic acid level. 



35 
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Supplementation 



PCTAJS96/08649 



Lower DHA 



PHA And AK A As Ptercent «f T«>,i w.^. 



_Re-Tiieatmenf 



3 montfas Pbst- 



10 



PHA 



DHA Group 
(n=9) 



0.94^0.59 



2.10±0.54 



Placebo Group 
(11=8) 



0.96±0.34 



BE Fatty Adds nuno^ 
Arachidonic 



±SD) 



0.85±0.32 



DHA Group 
(n=9) 



_5.51±0.47 



5.03±0.85 



Add 



Placebo 
6.64±1.93 



6.20±1.74 



15 



20 




( months 
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demBlistiated no evidence of any chronic illness including midocrine, hepatic, 
iehal, tbyxoid, caidiac dysfuncdon, dnig ibuse or known alleigy to fish or fish 
oil (see Table 19*1). Fost-menopausal women were induded in the study. 
Concomitant use of lipid-lpweting medicatioiis and thenqyfes were discontinued 
5 foratlieast four weeks prior to the first quaU Subjects who 

successfiilly complex the initial 6rweek ^:ieiaung/dietary phase enteied die 4- 
week placdx) lead-in phase. 

Plasma lq»d eligiUlity (LDLrC 130-220 mg/dL and triglycerides 150-400 
mg/dL) was d^ermined by the mean of two consecutive lipid profile 

10 measurements obl^ned at Week -2 and An individual coefficient of 

variation of ^ 15% for these lipid values was srt, a priori, as a ahenon for 
indusion. LeOxxiattny measurements, including Iqiid profiles (total cbol^leiol, 
triglycOTdw/HDL^ 1I>L-C), weiel^^ UH^ leyeb ww 
calculated usiqg the Friede^d fonnula (Friedewald, et al. , 1972, "Estimation 

15 of iJ>I/<3ioIesteipl m^ of the Preoperative Ultracentnfuge," 

OifL CTtent , 18:499). All lipid laboratoiy tests were standardized against the 
Center for Disease Control lq)id standardization program. 

Following the screening/dietary and placebo nm-in phases, eligible 
patients were randomly assigned to one of the three study groups and given their 

20 appropriate supplements under double-blind conditions. Subjects who were at 
least 80 % compliant during the placebo lead>in phase were randomly assigned 
to receive gelatin capsules containing 500 mg of triglyceride having 48 % PHA 
at levels of dthCT 6g DHASCO (12 DHASCO c^sules/day), 3.(% DH^ 
DHASCO capsules and 6 placebo capsules) or Og DHASCO (12 placebo 

25 capsules containing a 1 : 1 mixture of com and soy oil) for 6 weeks. 

All subjects were required to adhere to the 30% or less fat 
recommendations of flie National Cholesterol Education Program Step I diet 
throughout die trial. Adb^i^^nce was monitored thn)ughout the study uti 
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y«Hioe oata. When significant F-ratios were lh.»vi a- - 
c oi me degree of assodalion betiMien a* -i. ^ . 

were perfomed on the daia With th««. ^ S«?»«teanalyses 
in the final results: ™^ '"'^ects are included 

C<anpM«i tok,_,i^ ^ . ""f ""S" <T saiim lipids. 
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grl^for energy intake, percait of caloric intakefiom caitohydrates, total fat, 
saturated fatty acids, polyunsaturated fatty acids, monpunsatuiated fatty acids, 
or alcohol. There was a nonsignificant increase in mean body weight after six 
weeks oftrealment in the placebo (0.69± 1.61 kg), S.Og DHASCO (L17±0.79 
5 kg), 6.0gDHASCO (1.25±1.10kg) groups, respectivd^^^ 

Tlie results for various lipid variables are shown in Table 19-2. Despite 
significant changes over time for some lii»d variables, group means did not 
^er during treatment Considering die relatively sniaU^ sample studied, this is 
not suipriang since the statistical power was below 40% for detecting a 
10 difference as large as one standard deviation. 

There was no signi&ant change in total cholesterol among the thiee 
groups during treatment. There was no significant change in LbL-C ui the 
placebo and 3.(^ PHASCO groups; however, those takmg 6.0g i)HASCO 
showed a mean inoease in U)!^ concentration of U^^^ Theiewas 
15 a significant (p<0.05) increase in the HDI^C in both DHA ticaimCTt ^oups, 
but not in the placebo group. 

DHA supplementation was associated with signific^t reductions in 
triglycerides for both the 3.0g (-20.9%) and 6.0g (-17.6%) DHASCO groups 
(p=?0.01 for each). No alteration was observed within the placebo group. The 
20 F^vahie for treatment effect sqiproadied, but dkl liot reach statistical significance 
(p=0.08). Rdationsl|q)s betwem 

subjects taking DHA siq9>lCTiCTts were tested using Spearman tanked 
conelatibn, The change in triglyceride concentration w^s significantly 
associated with change in HDL-C (rs= -0.47, p= 0.05), but not with the change 
25 m LDL-C (rs= 0.08). Changes in total cholesterol were highly coixelated with 
changes in LDI^C (rs= 0.90, p= 0.0002), but not with changes in HDL-C 
(rs= 0.18) or triglycerides (rs= 0.35). 
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««*e«of,„j.^«j^ A '»•'"' incase in U>M™scbJ^ 

«»u vBiy smau amounts of saturated fattv ^,^a, t« 

f«int^' J u . ^raiea tatty acids. Dwiaiy variabilitv was 

.1 Harts « 

oy 7.8-9.5% as compared to 6% in the imssem inves^^ » 
25 MfibDHAconh^^rf... , I»«ent investigatioii. Because of the 

™8nDHA cc«tentoftheaIgaeKterivedDHA oO. lgofDHASCO««™ • . 
to5-6goffishofl B«rjjiiASCOisequivaIent 



Kadack,etal.(Ra<lack.etaI..l990)fi«Mlthat2 , 
produced a statisticallv rf«.,-fi.o . • ™«"S of fish oil per day 

««»««ically stgarifcant ^ 28% in LDi^c among 
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hyp^niglycmdemic patients (mixed pheiiotype), while lowering triglycerides 
(mly maiginaDy (-16%). Hanis, et al ^lanis, et al., 1990) found that the LDL- 
C increased progressively fibm 8-28% with increasing doses of fish oil 
containing 43-12.Qg p^ day of oniega-3 £Eitty adds. (LDL^C rose by 8 % with 
5 the lowest dose and 28 % with the highest dose). In the pxesent stiidy, LDLrC 
increased by 13.6±l6% in tiie group receiving 3.0g DHASCO per day. Thus, 
our findiings are not consists with the postulate that EPA is mtirely resp6ns9)le 
for the LDLrC raising piopeities of marine oils. Nevertheless, omega-3 fatty 
acids have numerous potentially mtiatherogmic effects ineqpecdye of their 

10 influence on plasma iq)ids (Kinsella, et al., 1990, ''Dietary n-3 Fatty Acids and 
Amelioration of Caniiovasc^lar Disease: Possible Nfechanisms^ ** Am. /. CUm 
Nutr.y 52:1-28), and the net effect may prove to be beneficial despite some 
degree of LDL-C elevation. This argument is strengthened by results of a 
randomized secondary prevention trial which found significant reductions in 

IS mortality among persons consuming diets enriched in omega-3 fatty adds 
(McKeigue, P. , 1994, "Diets for Secondary Prevention of Coronary Heart 
Disease: Can Linolenic Acid Substitute for Oily Fish?" Loficer, 343:1445). 

In summary, low dose sui^lementation of algae-derived DHASCO 
(S.Og/d; 6.0g/d) resulted in a clinically significant decrease of triglycerides, no 

20 significant chwge in total cholesterol or LDL-C, and a small, but significant, 
riseinHDL-C. 
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Table 19-2: % Change From Baseline for Lipid Values 





Placebo 


3.0gDHASCO 


6.0gDHASCO 




% Change 


p-vahie 


% Change 


p- value 


% Change 


p-vahie 


Total Cholesterol 


+2.0% 


ns 


+ 1.6% 


ns 


+5.4% 


ns 


LDLpC 


+2.4% 


DS 


+9.3% 


ns 


+ 13.6% 


0.01 


mix: 


+5.2% 


ns 


+6.6% 


6.05 


+6.2% 


0.03 


Triglycerides 


-3.5% 


ns . 


.20.9% 


0.01 


47.6% 


0.01 



ExainplR7d Comparison of the Effects of Fish Diet, Fish Oil and DHA- 

rjnfntaining Oil nn Fagting anrf PgistptatiHial Plasma T ipirf T i>vP>U 

This stiidy was plam^ to clarify the effects df fish di^, fish oil and 
IS pHA-(^ntaining oO on fasting ai^ Subjects 

healthy male smcteits (nr'59). Fish meals weie provided at woikdays to 

subjects in the fl3h diet group for 14 weeks. Fidi qiedes used were nunix>w 

trput^ Baltic heiring and yendace. Hie amount of meals actually eatiaa was 

4.30±0.5p^week,^^T^ 
20 per day (cailcubted on the basis of meal sample analyses). Fish oil group ate 4g 

ifish oil per day and it provided about 1.3 g EPA and 0.9 g DHA; DHA-group 

ate 4g PELASCO per day oil which contained about 42% DBA. One group 

s^ed as controls. 

Fat tolerance tests were made before and after die dietary period. A 
25 cream mixture (0.7 g/kg) with fatty acid composition near the average of the 

Finnish diet was used as the test meal. Blood samples were collected iip to 8 

hours after the meal. 

Preliminaiy results (Table 20) show that both hsting plasma triglyceride 

levels and postprandial triglyceride response were reduced in all test groiq>s. In 
30 the fish diet group, plasma triglycerides decreased from 1.36±0.47 to 

1.16±0.40 nunol/1. In fish oil and DHA-oil groups, they decreased from 
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1.2I±0.35 to 0.89±0.13 and fion, U7±0.38 to 0^^021 n^^n 

chaAged. However. ti>eHDL2mDU^i.«i^ , «veis were not 

^ ^ u. ^^^^^^^^^ increased in M 

"J3.P±lJ...d„UK,lm-oilg™,3.7±2.o>«131±lo 

; ^^^^ ^ '^ '^ ^ ^o^^ ,:^ 

wncentiations can be df^^oc^ « --.I. , 
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Table 20: Cholesteiol Leveb (mmol/I) in PlMina 





CONTROLS 


6 


4 


9 


14 wk 




Total 


4.97 ±4.06 


4.87±1.11 


4.89±1.11 


4.85 ±0.91 




VLDL 


0.31 ±.018 


0.36±0.19 


0.31 ±0.16 


0.37±0.20 


5 


LDL 


2.67 ±0.70 


2.67±0.78 


2.61 ±0.80 


2.60±0.76 




HDL2 


1.01 ±0.28 


0.99±0.27 


0.93±0.30 


,077±.03O 




HDU 


0.47±0.0r7 


0.40±0.09 


0.39±0.08 


0.41 ±0.09 




FISH DIET 












Total 


4.65 ±1.00 


4.79±0.99 


4.72±1.01 


4.80±0.90 


10 


VtDL 


0.24±0.09 


0.28±0.13 


b.23±0.09 


0.25±0.11 




LDL 


2.34±0.63 


2.38io.63 


2.42±0.59 


2.56±0.62 




HDU 


0.92±0.40 


0.99 ±0.28 


1.01 ±0.32 


1.02 ±0.32 




HDU 


0.43 ±0.06 


0.39 ±0.08 


0.31 ±0.09 


0.33±0.11 




FISHOIL 










15 


Total 


4.53±0.97 


4.76±1.01 


4.70±0.94 


4.56±4.08 




VLDL 


0.25±0.08 


0.21±0:06 


OJ2±0.07 


0.21 ±0167 




LDL 


2.28±0.71 


2.^±0.78 


2.50±0.77 


2J;i±6.79 




HDU 


L03±0.36 


0.97±0.35 


I.13±0.38 


1.01 ±0.38 




HDU 


0.43±0.09 


OJ5±0.08 


8.33±0.09 


0.a2±0.11 


20 


Idhasco 












TOTAL 


4.55±0.76 


4.68±0,33 


4.83±0.70 


4.65±0.85 




VIDL 


0.26±0.13 


0.21 ±0.08 


0.23±0.10 


0.22±0.10 




LDL 


2.49±0.70 


2.58±0.62 


2.44±0.61 


2:42±0.70 




HDL2 


0.89±0.26 


1.03±0.36 


1.11 ±0.35 


1.06±0.35 


25 


HDU 


0.41 ±0.07 


0.37±0,05 


0.32±0.07 


0.33 ±0.09 




HPL2/m>L 
3 












CONTROLS 


2.19±0.62 


2.58±0.78 


2.45±0.98 


2.00±1.03 




FISHblEr 


2.20±0.85 


2.68 ±0.79 


358±1^ 


3.69±L94 


30 


FISH on. 


2.42 ±0^ 


2.98±1.28 


3.56±1.Q2 


3.67 ±2J2 




DHASCO 


2^±0.67 


2.79±0.94 


353±1.13 


3.61 ±2.11 
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^'^^m^ ^"PP'«°«««ioii With An Algae Soun« «f u 

Add: ^ I>ocosaIiexaeboic 

The poq«se of ihis study was to investigate the influence of dietan, 
<locosahexaenoic acida>HA 22 A.i^« , «"ence of dietaiy 

factor for hcan ,- «»""/plateIet DHA status and risk 

^« for heart d««^ „ vegetarians. Realty vegetarians (12 nules 12 

- ^ -san^eswe.1^^ 
<Jete™uned cZ^.™!^ "^""^ tbombogenic risk factors wetc 

phospholipid by 229% (2.58«eo 8.48% wt %.anHn,., f ' 

r>fl.^-_* 1 , . ^ '"^ platelets by 98%. EPA 
(20:5n-3)fevebhK«asedinsennnb^^ 

add r20-4n4^ W^. * -^^^ Aiacludonic 

«™ l»es= ^«. »^ 

Od« non-conventional risk fiwois to heart disease ^ 

tobemodified. measured did qot jqqK^ 
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L A method of alleviatiiig adverse efifects of a n^irolc^gical (fisoider 
characterized by a DHA deficiency-associated pathology which compiiises 

5 administering to a patient affected by such a disorder a single cell microbial cSl 
comprising DHA in an amount effective to 
the pa^em's blood to within the range of abom 

■■ plasma^^ ■ . .. ..' 

2. A inethod in suxx>tdance with chum 1^^ 
10 neurodegenerative disorder. 

3. A medbod in accordance with claim 1, wherein thd;disprder b a 
peroxisomal disorder. 

4. A method in accordance with claim 3^ wherein the i^xisomal 
disorder comprises Zellweger's syndrome, neonatal adrehbleiikodystiophy, 

15 inEmtilelfe^um disease, hyp 

punctata, Zellweger-like syndrome, adrmoteukodystrophy, 
adrenomyeloneuropathy, acyl-CoA oxidase defidency, biiimctional protein 
deficiency, thiolase deficiency, hyperoxaluria type I, acatalasaemia or adult 
Refsumjd^ease. 

20 l 5. y A method in accordance with claim 2, wherein the 
neurpdegenendive disorder is Aldieim^^^^ 

6^ A method in accordance with claim 2, wherein the 
neurodegenerative disorder is Huntington's disease. 

7. A method in accordance with claim 1, wherein the disorder is 
25 schizophrenia. 

8. A method in accordance with claim 1, wherein the disorder is 
diabetic neuropathy. 
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9. 



11. 



«dsoastopn,v,deDHAatadosagelevelof^^^ 

10 at least 20% DHA. ™" said oil ccaiipiise$ 

13. Amtt^^^ 

at least 40% DHA. '^awn said Qil awq^ 

A ffl^od in acconiaiK« with clai^ . . 

Obtained by cultivating at least »aid MA oil is 

uvatmgatieastonemKWQiganismwMch^^^ 
pnHluce a DHA-containing oU under DHA oil^ • cutavated ^ 
20 Tecovering the oil p^duct. oU-pr,^ conditicm and 

20. Anwhodioacawdancewithdaiml? w^^^ . 
Chytridomycete. "™ ' ^«»ein said liingus is a 
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21. A inethod in accordance with claim 2Q, wheidn said 
caiytridomycete comprises a nnaatochytrium tT Z species of SOUzocfiytrim. 

22. A method in accordance wiflidaim n. whCT^ 

Oomyc^. 

5 23. Anied»dinacc(mlanc» with cium 22, whe^ 

comprises a species of AfomcrcflSo, Sapwlegi^ orMucor. 

24. A meihod in acconlan<» with^^^<^ 

idministeied M^y. 

25. A method in accoidance with dann 1, wheJein said oQ is 

10 administered in a capisule/a tablet drahanulaon. 

26. A method in aocoidance with daim 1, wheieift said oil is 

administraed parcnterally. 

27. A method in accoidance with claim 1, wherein aid oil is 

administered topically. 
15 28. A method in accoidance with claim i/wherein^ t^ 

is admiiiistered as a comikment of a prq^ 

29. Amedwlin accoidan<»withclaiml8, whMonthelKwdph^ 
comprises a cooldng oU. msugarine, shortening, spoonaWe dressing or Kquid 
dressing. 

20 30. A method of alJevialing adverse effects of a neurological d 

characterized by a DHA and ARA deficiency-associated pathology which 
comprises administering to a patient affected by such a disorder a single cdl 
microbial oil comprising DHA and a single cell microbial oil comprising ^ 
in amounts effective to raise the level of circulating DHA in the patient's blood 

25 to widiintiie range of about lOto 150 /igPHA per ml of plasma and tiietevd 
of circulating ARA to witirin tiie range of about 80 to 500 /ig ARA per ml of 
plasma. 
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31. A method in acaadance with claim in . 

M- AinaWinaMMdairawiliclataM wtorinfcj^^ 
aptratisonBijj,^ »»miiiltodisOBleri, 

"■"^ "Wises ZMlTCterV ^^ "^""PeTOisniial 

K«*iuiii disease. ™ "^^lasaeiiA 

3*: A method in acconiance with cbm. 

35. A method in accorfanoe with rfej- 

^^^^^ 

37. AmethodinaccoidancewithcbimiA u . 
diabetic neuix^y. 30. wherein the dismder is 

25 n«Perday to about 5000 / '^^^ level of about 50 

J « aoout 5000 mg per day and to provide ARA ^ 

^- A'ncdiodinaoaiidancewiihcbimio 

w provide DHA at a dosage level of about 
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500 mg per day and to provide ARA at a dosage level of about 1000 mg per 
day. 

41. A method in accdidance with claim 30^ wherein said DHA oO 
comprised at least 20% DHAand said ARA oil comprises at least 10% ARA. 
5 42. A method m accordance with claun 30, wherrin said DHA 

micn*ial oil comprises at least 40% PHA and the ARA microbial dl comprises 

at least 40% ARA. 

43. A method In accordance with claim 30, wheirin the oils are at 

least substantially free of EPA. 
10 44. A method in accordance with the method of daim 30, wherem the 

DHAaad'i^JU^^ 

45. A method m aocoidance with claim 30, wheiem said DHA oil is 

obtained by Mlti^ting at least one a^^^ ; 

ccmtainmg oU under DHA oiH))^^^ 

15 bycuWvalingatleastonBa^ 

dl under ARA oil-producii^ conditions and recovering the oils prb^ 

46. A method in accordance with claim 45, wherein said DHA oil- 
producing algae is a dinoflaigellate. 

47. A method in accordance with dann 46, whaan the di^ 

20 is a species of Crypthecodiniwn. 

48. A method in accordaiice with clain^ wherrin said DHA- 
producing fungus is a Chytridomycete. 

49. A method in accordance with claim 48, whebin said 
Chytridomycete comprises a spedes of Thramochytriu^ or Schitzochytrium. 

25 50. Amethodin accordancewithcIaim45, wherein isaid DHA oil- 

producing fungus is an Oomycete. 

51 . A method in accordance with claim 50, wherein said Oomycete 
is selected from the group consisting of Mortierella, Saprolegma, and Mucor . 
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52. A method in accoixlance with Claim 45 wherein^«^^^ 

' 54. Amed.!r 

-^™«nodmacconIaiice with claim 4« v . 

55. A method in accorfaace with claim in .. . 

59. A method maccoidance With cfaim^n » i.^ - 

is admimste^d as a component r^^^ ^ 
■ ^'"J^'^tofapKparedibodpiDduct. 

- A 'nethodin acc»idancewithclaha59 whemin t^ 
comprises a cooldngoil. maigarine shortening ' "'y ^'^^ 

20 

61. Amethodofafleviatmgadveiseeffe^^ 
«2. A'naWiiiacooidaiKe.rtkclj!™*! ... 




63. A method in accQidance 
admmisteiGd so as to piovide ARA at a dosage level of about 1 000 mg per day . 

A method in accordance with claim 61, Wheiein said ARA oil 
comprises at least 10% ARA. 
S 65. Am^hodinaccoidancewitfadai^ 

substantially firee of EPA. 

66. A method in accordance with claim 61 , wheiein the ARA is in the 
fonn of a ttiglycoide. 

67. A method of lowering triglyceride ccmtent in plasma of a patient 
10 which comprises sulmiiusteiuig to a patient an oil enriched in IMA m an amount 

effectivVto lowiw tte Iwel ^^^^^ 

68. Ihe method of loweiix^ triglyceride c^ 

according to claim 67, wherein the iral i^nidied in iDHA is administered in an 
amount effective to raise the level of ctct^ DHA in the patient's blood to 
15 at least about 50% above the iwnoal level of plaOT^ 

69. The method of claim 67, whwdh flie ainount of 

DHA is effective to raise the level of circulating DHA to within the range of 
about 15 to 100 of DHA per ml of plasma. 

70. A mrthod of increaang the level of higWy unsaturated f^ 

20 (HUFA) residues in one or more tissues of a patient having a disease 
characterized by a HOFA deficiency^associ?^ pathology, which comprises 
administering to a patient a therapeutic composition containing oil comprising 
HUFA residues in an amount effective to raise the level of HUFA residues in 
the patient's tissue. 

25 71. The method of claim 70, wherein the thcnq)eutic composition is 

administeied in an amount effective to raise die level of HUFA residues in the 
pariCTt's tissue to normal. 

72. Hie mediod of claim 70, wherem the HUFA is DHA. 
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^ 75, A method in accoidance with claim 71 l • 

a peroxisonud disoRter. ^' ''te^i- the disonte is 

76, A method fa acx»nlance with claim 75 whemin>i«. >^ 



WQ 96(40106 



PCT/US96/08649 



75 

(b) preparing a thenqpeudc supplqneiit by combiiung a 
plurality of individiud HUFA-containing oils, at least one individual HUFA- 
containing oil containing one HUFA and being substantially free of all ofbia 
HUFAs, the individual oils bdng combined in proportion such that the amount 

S of each HUFA in the dienq)eutic supplement is approximately piopoidonal to 
its deviation as calculated in step (a); and 

(c) administeimg an effective amount of the Iterapeutic 
supplement to the patient to restoie noiioA^ 

80. The method for conrecdng lipid imt^Iance in a pati^t having 
10 abnomaal lipid profile according to claim 79, wh^tin the tisst^ is blood. 

81 . tiie method jfor c^^ imbalance in a patient having [ 
abnormal lipid profile according to claim 80, wherein administration of the 
therapeutic supplement does hot xaise Ae level of each HUFA in the patirat's 
seniiii above the normal seium level. 

IS 82. The method for correcting lipid imbalance in a patient having 

abnormal senun Iqnd profile accbrdihg to claim 79, wher^ one of the plurality 
of individual HUFA-containing oils is a fish oil. 

83. A meaK)dof ^ihandng the abifity of excitable ceUmembrai^ 
sustain a ch^cal gradient of calcium concentration across the cell membranes 

20 comprising treating the cells with oil enriched in DHA in an amount effective 
to raise the level of DHA residues in the cell membranes. 

84. The method ofclaim 83, wherdn the ceU is a neurological ceU or 
a cardiac muscle ceU. 
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